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LINEAR ACTUATION DEVICE FOR SPACECRAFT AND 
SOLAR GENERATOR UNFOLDING SYSTEMS 



BACKGROUND AND SUMMARY OF THE INVENTION 

[0001] This application claims the priority of German Patent 

Document 100 43 631.5, the disclosure of which is expressly 
incorporated by reference. 

[0002] The present invention relates to a linear operating 

device that includes a medium for converting a rotational motion 
into a translational motion, which is realized as a nut , a 
rotating drive unit and a spindle, which acts in conjunction with 
the nut; and the nut is connected with the spindle in such a 
manner that it maintains its ability to rotate. 

[0003] A linear operating device of this type is known from 

European Patent Document EP 0 603 067. This linear operating 
device is envisioned particularly for use on spacecraft. In this 
instance the nut is realized as a thread rolling mechanism. The 
spindle is connected with torsional strength to a rotating drive 
unit . 

[0004] As an alternative to the thread rolling mechanism 

referred to above, a ball nut is known from German Patent 
Document DE 42 08 126 and corresponding US Patent No. 5,263,381, 
which also acts in conjunction with a spindle to convert a 
rotational motion into a translational motion. 

[0005] In the context of the present state of the art in 

accordance with European Patent Document EP 0 603 067, the 
spindle of the linear drive is always connected to the rotating 
drive unit. Elements that are connected with the nut can be moved 
in a translational way in relation to the spindle, or, in the 
extreme consequence, they can even be detached from the spindle. 
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However, this is accompanied by the risk that with larger 
elements that are to be moved in a translational manner or with 
elements that are to be connected temporarily with the spindle 
it will be necessary to use a spindle that is correspondingly 
large and that will, after release of the connection between the 
nut and the spindle, remain as a relatively large and disturbing 
element on the rotating drive unit and possible other components 
that are attached to the rotating drive unit. With regard to the 
example of the unfolding of a solar generator on a spaceship, 
this would mean that after the solar generator has been unfolded 
a relatively long spindle would' stick out from the surface of the 
spaceship that could obstruct the movement of the solar 
^ generator, or even cause damage to the solar generator. 
H [0006] Specifically, with respect to the case of an unfolding 

W system for solar generators, different construction types are 
Q known from German Patent Document DE 196' 4 9 73 9 and corresponding 

m 

fy US Patent No. 6,073,914, but they are associated with certain 
p disadvantages. A pyrotechnical release entails the problem that 

fab 

a relatively high shock acts upon the solar generator unit and/or 
on the structures carrying it, which would, in spacecraft 
applications, cause considerable disturbances. In addition, there 
exists a risk of particles flying about that can result in damage 
to the solar generator apparatus or other mechanisms. German 
Patent Document DE 196 49 739 also discloses non-pyrotechnical 
release devices. However, these devices are also associated with 
the risk of particles flying about or with the risk, as in the 
embodiment claimed in German Patent Document DE 196 49 739, of 
a jam-up. Consequently, a failure to release cannot be precluded. 
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[0007] It is therefore an object of the present invention to 

provide a linear operating device that will remedy the 
disadvantages of the state of the art referred to above and that 
allows, particularly in the context of the application in space 
travel, operation without shock effect or particles flying about. 

[0008] The objective is achieved with the rotating drive unit 

being rotatably fixed to the nut or the rotating drive unit 
exercising a force in an axial direction of the spindle on an 
area of the spindle that acts in conjunction with the nut. Other 
certain preferred embodiments of the present invention include 
a spacecraft and a solar generator unfolding system featuring a 
linear operating device. 

[0009] The linear operating device preferentially includes a 

rotating drive unit rotatably fixed to the nut . "Consequently, by 
way of a rotational motion of the nut, which is caused by the 
rotating drive unit, it is possible to generate a translat ional 
motion of the spindle, which, in the ultimate consequence, will 
result in the detachment of the spindle from the nut. This way, 
the spindle, that may be very long, no longer stays on the 
rotating drive unit and the components attached to it. The 
rotating drive unit can be realized, for example, as a motor or 
as a spring . 

[0010] In further certain preferred embodiments, it is also 

possible to envision as an alternative or in conjunction with the 
preferred embodiments referred to above that one (or, if need be, 
another or even several) rotating drive unit(s) exercise (s) a 
force in the axial direction of the spindle in that area of the 
spindle that acts in conjunction with the nut. Thus, it is 



possible to cause the nut to rotate, solely by or supported by 
the effect of this tensile load or pressure load, which effects 
in turn a translational movement of the spindle. In this case, 
the rotating drive unit can be realized as an elastic element. 
[0011] In particular in certain preferred embodiments, it can 

be envisioned that the spindle is realized as pre-stressed and 
extensible. To be considered in this context are all kinds of 
suitable materials and construction types for the spindle, which, 
obviously, must be adjusted to the respective pre-stress. The 
spindle can be manufactured, for example, from titanium or steel 

f=s in order to absorb high pre-stresses , and it can be manufactured 

tn 

^ as a solid element or as individual elements, such as fibers or 

p rods, in order to provide a correspondingly lower or higher level 

H of elasticity. Other suitable materials, for example non-metallic 

^ materials, or other construction types are also possible. 

P [0012] On the other hand, in certain preferred embodiments, 

gi 

fU it is also possible to envision, in the alternative or in 

%B 

O addition, that at least one elastic element, for example a spring 
element, is envisioned as rotating drive unit, which exercises 
a pre-stress, i.e. a tensile load or a pressure load, on the 
spindle. Thus, analogous to the previous description, this 
elastic element is then able to cause the nut to rotate by way 
of applying the tensile load or pressure load upon the spindle. 
[0013] In certain preferred embodiments, the nut has an 

operative connection with the spindle via rolling bodies. This 
ensures that during the rotational motion of the nut, with regard 
to the spindle, only the rolling resistance must be overcome, but 
no sliding resistance occurs between the nut and the spindle. 
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Envisioned as suitable rolling bodies can be, for example, 
rollers or balls that are known from the state of the art 
referred to previously. 

[0014] In certain preferred embodiments, in order to stop the 

nut before it executes the rotational motion, it is possible to 
envision a lock device, where the nut is attached to a first lock 
device rotatably fixed. This lock device can be part of the nut 
itself, but it is also possible to envision another element to 
which the nut is suitably attached with torsional strength. The 
first lock device is realized in such a way that it can be 
connected, detachably and rotatably fixed, to a complementary 
lock device. This way it can be guaranteed that, provided both 
lock devices are in a stop position, they are arresting any 
rotational motion of the nut, and after the lock devices are 
released from each other the nut is able to execute the desired 
rotational motion. To accomplish this, the first lock device can 
be equipped with a projection or a recess on its surface, while 
the complementary lock device features a form that is 
complementary to the projection or the recess. The only 
requirement for this complementary form is that it is realized 
appropriately in such a way that it can act effectively in 
conjunction with the projection or the recess in order to block 
any undesired rotating of the nut. 

[0015] To ensure tension-free operation of the linear 

operating device, it can be envisioned that the spindle and the 
nut are arranged in mountings with the ability to tilt. This way 
it is possible to make adjustments for any mutual displacement 
of the mountings of spindle and nut. Consequently, the mountings 



are realized in a suitable form, preferentially as ball-and- 
socket joint or in another appropriate way. 

[0016] This linear operating device can be used in all 
instances where items must be connected in such a way that they 
are displaceable in relation to each other, and particularly 
where items are to be detachably connected with each other and 
are to be released subsequently, e.g. released within the meaning 
of opening, extending, folding out or separating. Thus, this is 
a device that provides a solid connection in its reeled-in 
condition which can then be easily released, particularly by also 
applying remote activation. 

[0017] In other certain preferred embodiments of the present 

invention, a spacecraft is equipped with the linear operating 
device described previously. The rotating drive unit can, for 
example, be connected to the spacecraft, and the spindle can be 
connected to detachable, extendable or unfoldable mechanisms of 
the spacecraft. Devices of this type can be, for example, solar 
generator units or antenna devices of the spacecraft, other 
masts, landing legs, loads that are to be put out, several 
spacecrafts (for example, satellite piles) or even a parent or 
secondary spacecraft that is to be separated from the other 
craft , respectively . 

[0018] In certain preferred embodiments of the present 

invention, a solar generator unfolding system is equipped with 
the linear operating device described above. In this instance, 
the linear operating device can be envisioned particularly as 
part of a hold-down and release system for unfolding a solar 
generator unit. 



[0019] In certain preferred embodiments, it can be envisioned 

that the nut is connected to a supporting structure of the solar 
generator unit and that the spindle is connected to an outermost 
panel element of the solar generator unit. This way it is 
possible to ensure that upon unfolding of the solar generator 
unit the spindle will be removed from the supporting structure, 
e.g. a solid frame, a vehicle, a spacecraft etc., so that it 
cannot be the cause of disruptions at that location. 
[0020] To guarantee tension-free operation it is possible to 

envision that the spindle is arranged in a first mounting with 
the ability to tilt vis-a-vis the outermost panel element of the 
solar generator unit, and the nut is arranged in a second 
mounting with the ability to tilt vis-a-vis the support 
structure. Thus, any possible displacement of the solar generator 
unit vis-a-vis the support structure can be compensated for in 
a simple manner. 

[0021] Preferred embodiments of the present invention are 

subsequently described in more detail using the Figures 1 to 6. 

[0022] Other objects, advantages and novel features of the 

present invention will become apparent from the following 
detailed description of the invention when considered in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] Figure 1 shows a plain view of a solar generator 

unfolding system, including a linear operating device according 
to certain preferred embodiments of the invention; 
[0024] Figure 2 shows a cross section of the hold-down 



mechanism for the spindle of the unfolding system in accordance 
with Figure 1; 

[0025] Figure 3 shows a schematic depiction of the nut, 

including a lock device; 

[002 6] Figure 4 shows a view of the connection of a spring as 

rotating drive unit with the nut; 

[0027] Figure 5 shows a cross section of one of the nuts, 

which is realized as a ball nut; and 

[0028] Figure 6 shows a cross section of the apparatus in 

accordance with Figure 1 . 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[002 9] Figure 1 shows a linear operating device according to 

a preferred embodiment of the invention that is part of a solar 
generator unfolding system, a spacecraft, for example. This 
apparatus includes a nut 1 that is used to detachably anchor a 
spindle 3. Subject to a pre-stress, a solar generator unit 8 is 
held together and/or held down over this spindle 3 . Figure 1 
indicates sections of individual panel elements of the solar 
generator unit 8. The spindle 3 is connected with torsional 
strength by way of a corresponding connecting element 13, for 
example a ball cup, with the solar generator unit. The connecting 
element 13 can be aligned in such a way that it is possible to 
apply via the spindle 3 a tensile stress as pre-stress, which is 
intended to hold solar generator unit 8 together and/or down. 
This pre-stress can be applied, for example, by way of another 
nut 15 to the one end of the spindle 3, while on its other end 
the spindle 3 is fastened inside the nut 1. 
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[0030] The amount of the pre-stress can be selected in such 

a way that spindle 3 undergoes an extension. This will turn the 
spindle into a rotating drive unit 22, because, as soon as the 
nut 1 allows it, the spindle 3 will attempt to re-contract 
thereby causing the nut 1 to rotate, which in turn causes the 
spindle 3 to be moved out of the nut 1 in the form of a linear 
motion. If the spindle 3 is a solid material, the expansion will 
occur along its entire length. However, it is also possible for 
the spindle 3 to have a certain elasticity only in a partial area 
with that area being, for example, a more elastic material or of 
a different structure, such as individual elements (e.g. fibers, 
rods etc . ) . 



[0031] In the alternative or to support this pre-stress effect 

resulting from the_extension' of" the spindle 3, it is possible to 
^ envision one or several springs 32 that exercise a pre-stress on 
Q the spindle 3 itself, and the pre-'stress is then passed along to 

m 

PJ the nut 1 via the spindle 3. Thus/ using a measure such as this 
it is also possible to set the spindle 3 under a pre-stress vis- 
a-vis the nut 1. Again, a tensile load is applied that causes the 
nut 1 to rotate as soon as the nut allows this to occur, whereby, 
consequently, the spindle 3 is moved out of the nut 1 in the form 
of a linear movement. Thus, in this case the spring 32 N 
constitutes a rotating drive unit. However, instead of a spring 

r 

32 that applies a tensile load, it is also possible to envision 
a suitable elastic element that applies a pressure load on the 
spindle 3 and that acts upon the spindle 3, for example, on the 
end of the spindle that is directed toward the nut 1. This would 
mean that the spindle 3 is not partially pulled out of the nut 
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1, but instead it is partially pushed out in order to cause the 
nut 1 to rotate, which will cause the spindle 3 to be finally 
completely moved out of the^n-ufe — 3^ 

[0032] fu^ttier alternative or ^ axidat ional possibility to 

effect such a moving-out motion of the spindle 3 from inside of 
the nut 1 envisions a rotating drive unit 2 that is rotatably 
fixed to the nut. This will* be described in more detail later. 
[0033] Therefore, by rotating' the nut 1 it is possible to 

generate a translational motion of the spindle 3 that will 
ultimately lead to the separation of the spindle 3 from the nut 
1, consequently causing the release of the composite unit 
including spindle 3 and solar generator unit 8, connected to the 
spindle via the connecting element 13, from the hold-down system, 
which is formed by the nut and the components connected to it. 
[0034] The nut 1 can be realized, as shown for example in 

Figure 5, as a roller nut, i.e. the nut 1 is equipped with 
rollers 4 that establish in turn the operative connection with 
the spindle 3, which is threaded, like the rollers 4, at least 
along a section of its length. 

[0035] To prevent any undesired rotational motion of the nut 

a stop mechanism including a lock device 5 is envisioned, which 
is depicted in Figure 3. In the present example, this is a sleeve 
5 into which the nut 1 is fitted rotatably fixed. In an area of 
its surface, the sleeve 5 features a projection 7 that allows for 
blocking the rotational motion of the composite unit including 
the sleeve 5 and nut 1 by way of a second lock device 6, for 
example a rod, a bolt etc. 
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[0036] As can be seen in Figures 1, 2 and 4, the sleeve 5 is 

connected rotatably fixed to a rotating drive unit 2, which is 
realized as a spring 2) in the present case. In the present 




example, a spiral spring 2 is envisioned for this purpose that 
is in a pre-stressed condition before the nut 1 performs the 
rotational motion. After the stop is released, i.e. the lock 
devices 6 and 7 are detached from each other, it effects, due to 
its relaxing, a rotational motion of the sleeve 5 which entails 
therefore also a rotational motion of the nut 1 that is attached 
to the sleeve 5. The other rotating drive units 22, 32 can be 
envisioned, as has been outlined previously, as alternative or 

additional rotating drive units. For the purpose of simplifying 

\ 

the depiction in Figure 1, all three types of rotational drive 
units 2, 22, 32 are shown together. 




fy arranged, as shown in Figure 2, inside a housing 9 that is 
connected to a floor plate 14 or e.g. directly to the surface of 
the spacecraft. To reduce friction during the rotational motion 
of the sleeve 5 and of the nut 1 inside the housing 9 a 
corresponding bearing 10, for example a roller bearing, is 
envisioned between the sleeve 5 and the housing 9 in the upper 
area of the housing. 

[0038] The two lock devices 6, 7 can be detached from one 

another using any kind of suitable device. The example in Figure 
1 envisions correspondingly that the lock device 6 is realized 
as a bolt connected to a traveler 20 via a toggle joint 11; and 
the traveler 2 0 can be moved, for example, using an actuator 12, 



11 



such as a motor or a solenoid. The translational motion of the 
traveler 20 is converted via the toggle joint 11 to a 
translational motion of the bolt 6 which becomes detached from 
the projection 7 during this movement, thereby releasing the 
rotational motion of the sleeve 5 and of the nut 1 that is 
attached with the sleeve 5. It is also possible to use other 
suitable devices as lock device 6 or actuator 12 , such as shape 
memory alloys, etc. 

[0039] Figure 6 shows, once again, a cross section of the 

apparatus according to Figure 1, and the elements of the linear 
operating device described in the context of Figure 1 are also 
seen again in Figure 6. Only the depiction of the *sp ring^V ^as 
been left out; as described previously, depending on the embodied 
example, this spring is not necessary. But, the depiction 
according to Figure 6 emphasizes one detail in particular. Ball- 
and-socket joints are envisioned for arranging the spindle in the 
upper area, on the one hand, and for arranging the nut 1 and the 
sleeve 5 in the housing 9, on the other hand. They compensate for 
any displacement at these two mounting points in relation to each 
other, i.e. a slanted position of the spindle, which is why 
despite such a displacement no tension results in the context of 
the apparatus, and particularly in the context of the spindle 3 
as well as its mounting points. 

[0040] Rather, the spindle 3 can be tilted vis-a-vis the 

uppermost solar generator unit 8 in the upper mounting as 
connecting element 13 in the same manner as the sleeve 5 with the 
nut 1 vis-a-vis the housing 9 in the mounting 15 in the upper 
area of the housing 9. This guarantees stress- free operation of 
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this apparatus until such a time that the spindle 3 is completely 
detached from the nut 1 . 

[0041] The foregoing disclosure has been set forth merely to 

illustrate the invention and is not intended to be limiting. 
Since notification so the disclosed embodiments incorporating the 
spirit and substance of the invention may occur to persons 
skilled in the art, the invention should be construed to include 
everything within the scope of the appended claims and 
equivalents thereof. 



